Abstract
Introduction

32
The World Health Organization (WHO) has deemed antimicrobial resistance a cardinal 
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/142315 doi: bioRxiv preprint first posted online May. 25, 2017;  3 their adhesion strength. While antimicrobials are effective at eliminating the outer layers of 47 bacteria near the surface of the biofilm, the bottom layer, which is tightly bound to the substrate 48 and protected by the surrounding biomass, can persist and continue to proliferate [3, 4] .
49
MRSA and P. aeruginosa are opportunistic pathogens that form biofilms and are 50 commonly associated with nosocomial infections [5] . P. aeruginosa is a shaped bacterium that is highly proficient in forming biofilms. The ability of P. aeruginosa to 52 attach and form biofilms on a range of metallic and non-organics surfaces, has caused serious 53 issues in hospitals (e.g. catheter infections in immunocompromised individuals) [6] . P. aeruginosa 54 is also responsible for complications in the treatment of illnesses that affect the respiratory system, 55 such as pneumonia or cystic fibrosis. Once inside the lungs, P. aeruginosa excretes a "slime" 56 matrix composed of various biological components that can affect cilia movement and cause 57 inflammation within the lungs, thus causing breathing complications [6] . This biofilm forming 58 ability makes P. aeruginosa especially dangerous when mixed with other bacteria, as biofilms can 59 turn a surface that is non-ideal for bacterial attachment into a surface to which other bacteria, such 60 as MRSA, will preferentially bind [5] . A single microbe attaching to a surface, can initiate a chain 61 reaction, creating an environment and surface more prone to infection of additional foreign,
62
pathogenic species, such as other bacterial strains, fungi and viruses [7, 8] . MRSA is Gram-positive 63 cocci that once attached to a surface, secretes adhesins and toxins, facilitating attachment, all while 64 damaging the surrounding human cells and tissue [9] . Therefore, these two organisms are 65 particularly threatening to human health and require unique strategies to prevent, manage, and treat 66 infection.
67
In terms of creating antibacterial treatments that target bacterial biofilms, electricity has 68 shown great potential in disrupting bacterial adherence. The utilization of electricity as an 37℃ for 24 hours before use. Individual colonies were chosen and transferred into 6 mL of tryptic 106 soy broth (TSB) solution to culture at 37℃ in a shake incubator rotated at 200 rpm for 24 hours.
107
One mL of the bacterial broth was then transferred to 1.5 mL microfuge containers and centrifuged 108 at 1000 x for 5 minutes. The excess liquid was then decanted, and the remaining cells were 109 resuspended into 1 mL of deionized water. This rinsing processes was repeated twice. 
Sample preparation for AFM/KPFM/ResiScope imaging
112
Gold covered stainless steel discs, stainless steel discs, and sputter-coated gold mica substrates 113 (~100 nm coating) were used in these experiments as conductive interfaces. Clean, gold and 114 stainless steel discs were sonicated for 1 minute in de-ionized water to remove excess waste from
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133
The conversion of resistance imaging units in Volts to Ohms is given by = 10 ( +2) . All
134
ResiScope images were taken with a potential of 0.7 V applied to the conductive substrate.
135
Conductivity imaging was done using conductive PtIr-coated Si tips of 75 kHz, 2N/m and 225 nm 136 in length. KPFM measurements were taken using Mikromasch Pt coated cantilevers of 75 kHz,
137
2N/m and 240 nm. Measured Cells were chosen based upon the lack of surrounding, noticeable
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Results
153
Bacterial resistivity and potential measurements 154
Gold and stainless steel substrates were chosen for their conductive properties and medical 155 relevance. Conductive measurements were made on uncolonized bare and gold-coated stainless 156 steel and on the same surfaces after P. aeruginosa and MRSA were allowed to adhere. Due to the 157 roughness of the stainless steel, along with its increased reactivity (versus gold), we were 158 unsuccessful in taking measurements on this surface using the ResiScope. However, we were able 159 to acquire CAFM images of MRSA and P. aeruginosa on gold-coated surfaces (Figure 1 ). We also acquired KPFM measurements of MRSA and P. aeruginosa on stainless steel and . 25, 2017; the outer peptidoglycan layer. Therefore, we dried a 4 mg/mL of peptidoglycan on gold coated 25, 2017; applied to the substrate, thus raising the flow of current from the substrate to the tip. However, 209 raising the voltage too high can increase the reactivity between the tip and the sample, leading to 210 degradation of the thin metal. For these reasons, the choice of tip becomes critical [17] . Originally,
211
we used the same platinum (Pt) tips for CAFM and KPFM. However, the Pt tips eroded rapidly, and tips for CAFM analysis; we found that until a method is established for a particular sample 220 type, this is likely to be a trial and error process. Our work establishes a set a parameters that can 221 be used as a starting point for subsequent studies of a similar nature.
222
As for CAFM, we found that there are a variety of parameters that influence the success of
223
ResiScope analysis. The version of ResiScope currently used by our laboratory is limited to contact 224 mode. Contact mode, especially when used for inorganic samples, allows for better electrical 225 contact between the tip and the substrate, which leads to more stable measurements. However,
226
there are some shortcomings to using contact mode for these studies. First, it can easily dislodge a 227 sample from the surface if it is weakly bound. Second, the high friction force of the cantilever 
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233
Our results and experiences demonstrate that there are a variety of options for enhancing 234 and optimizing the measurement of bacterial electrical properties using CAFM. The experiments 235 in this study provide a framework for future analysis and highlight several pathways for four 236 ongoing research. For example, one direction would be to study bacteria in a more hydrated itself. Additionally, we determined that the gold-sputtered mica represents a much cleaner sample 266 that is less easily contaminated prior to imaging. Although residual material is washed off the gold-267 coated stainless steel, the high surface roughness will retain a certain degree of contaminants from 268 the environment that can obstruct electrical measurements. Conversely, the cleaved mica provides 269 a pristine surface, ensuring that the only thing being measured is the purified peptidoglycan 
Conclusions
278
Our study successfully establishes a novel methodology for the imaging and analysis of 279 the conductance of single bacterial cells from medically relevant bacteria, such as P. aeruginosa 280 and MRSA. Our method is adaptable and can be modified as necessary to study the conductance 281 of other bacterial species or biological substances. The average resistance values obtained in our 282 study are comparable to those obtained in a prior study of E. coli, helping to validate our technique.
283
Our work opens the door to further investigation of the electrical properties of pathogenic bacteria, 284 information that will be essential in developing electroceuticals. Such approaches would be a great 285 benefit for wound healing, as early studies suggest that the application of an electrical current can 
585
This peptidoglycan image is from the same peptidoglycan particle as in Figure 4 . The average 586 resistance value for peptidoglycan particle on gold surface is 103 GΩ.
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